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WRSHRSOH
V OLYHVDPRQJZKLFKWKHGLVSOD\ LQGXVWU\ LVDQLPSRUWDQWSLOODURI WKHLQIRUPDWLRQ
WHFKQRORJ\ LQGXVWU\ VKRZLQJ WKDW WKH LQGXVWU\ KDV WKH DGYDQWDJHV RI KLJK DGGHG YDOXH DQG
ZLGHDSSOLFDWLRQEXWDOVRKDVDVWURQJSXOOLQJHIIHFWRQRWKHULQGXVWULHV:DQJHWDO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'LVSOD\ WHFKQRORJ\ LQYROYHV DOO DVSHFWV RI SURGXFWLRQ DQG OLIH LQFOXGLQJ EXVLQHVV
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2/(' KDYH UHSODFHG /&'
JUDGXDOO\
&RPSDUHGZLWK/('2/('KDVPDQ\DGYDQWDJHVVHOIHPLVVLRQZLGHYLHZLQJDQJOHORZ
HQHUJ\FRQVXPSWLRQIOH[LELOLW\HWF%DVHGRQWKHVXSHULRUSHUIRUPDQFHRIWKHVH2/('
VWKH
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PDLQO\GHYHORSV VPDOO VFUHHQV IRUPRELOHSKRQHVZKLOH/*PDLQO\ IRFXVHVRQ ODUJH VFUHHQ
GLVSOD\V ,Q DGGLWLRQ 6RQ\ LQ -DSDQ DQG ,QQROX['LVSOD\ DQG$82SWURQLFV LQ7DLZDQ DUH
DOVRVSHHGLQJXSWKHUHVHDUFKDQGGHYHORSPHQWRI2/('7KHPDLQODQGRI&KLQDVWDUWHGODWH
LQ WKLV ILHOG DQG LV VWLOO LQ WKH SHULRG RI LQGXVWU\ LQWURGXFWLRQ DQG WHFKQRORJ\ JURZWK 7KH
Proceedings of 14th International Conference on Webometrics, Informetrics and Scientometrics & 19th COLLNET Meeting 2018 
>> Collaboration - Impact on Productivity  and Innovation <<
- 55 -
Article DOI: 10.22032/dbt.39342 Proceedings DOI: 10.22032/dbt.39296
© 2019 by the authors. – Licensee Technische Universität Ilmenau, Universitätsbibliothek/ilmedia, Germany.
LQGXVWULDOFKDLQLVPDLQO\IRFXVHGRQSDQHOPDQXIDFWXULQJDQGWKHXSVWUHDPHTXLSPHQWDQG
UDZPDWHULDOVDUHPRVWO\LPSRUWHGIURP-DSDQDQG6RXWK.RUHD7KLVOLQNLVUHODWLYHO\ZHDN
+RZHYHUWKHUHDUHDOVRPDQ\UHODWLYHO\VWURQJHQWHUSULVHVLQWKHPDLQODQG2/('ILHOGVXFK
DV%2(&6279LVLRQR[DQGVRRQ
3DWHQW DV D WHFKQRORJ\ FDUULHU LV DQ LPSRUWDQW SDUW RI VFLHQWLILF GLVFRYHU\ $FFRUGLQJ WR
VWDWLVWLFV WKH SDWHQW OLWHUDWXUH FRQWDLQV PRUH WKDQ   RI WKH ZRUOG
V VFLHQWLILF DQG
WHFKQRORJLFDO LQIRUPDWLRQ:HQHWDO:LWKWKHSDWHQWHH,3&LQYHQWRUHWF LQSDWHQW
LQIRUPDWLRQDVQRGHV DQG WKH UHODWLRQVKLSRI UHIHUHQFHDQGFRRSHUDWLRQDV OLQNVNQRZOHGJH
IORZ QHWZRUN FDQ EH FRQVWUXFWHG DQG NQRZOHGJH GLIIXVLRQ NQRZOHGJH WUDQVIHU DQG
NQRZOHGJH RYHUIORZ FDQ EH PHDVXUHG PRUH DFFXUDWHO\ &RPSDQLHV RIWHQ XVH SDWHQW
FRRSHUDWLRQ WRSURPRWHWKH LPSURYHPHQWRI WKHLURZQWHFKQRORJ\ OHYHOVXFKDV/*3KLOLSV
/&'&R/WGZKLFKHVWDEOLVKHGLQFRRSHUDWLRQZLWK3KLOLSVDQG/*9LVLRQR[ 
V ORQJWHUP
2/(' WHFKQRORJ\ FRRSHUDWLRQ DJUHHPHQWZLWK*HQHUDO 'LVSOD\ HWF7KHVH H[DPSOHV VKRZ
WKDWFRRSHUDWLRQLQWKLVILHOGLVEHFRPLQJPRUHDQGPRUHXQLYHUVDO
/LWHUDWXUH5HYLHZ
2UJDQLF /LJKWLQJ (PLWWLQJ 'LVSOD\ 2/(' UHIHUV WR WKH WHFKQRORJ\ WKDW RUJDQLF
VHPLFRQGXFWRU PDWHULDOV HPLW OLJKW XQGHU WKH DFWLRQ RI HOHFWULF ILHOG 2/(' LV DQ
DOOVROLGVWDWH VWUXFWXUH WKDW DFWLYHO\HPLWV OLJKWZLWKRXWEDFNOLJKW DQGLVFDOOHGGUHDPOLNH
GLVSOD\ WHFKQRORJ\ E\ WKH LQGXVWU\ 2/(' LV RQH RI WKH PRVW SURPLVLQJ QHZ GLVSOD\
WHFKQRORJLHVDQGDOVRDFRPSHWLWLYHKRWVSRWLQWKHLQWHUQDWLRQDOKLJKWHFKILHOG=KDQJ
7KH SKHQRPHQRQ RI RUJDQLF HOHFWUROXPLQHVFHQFH ZDV ILUVW GLVFRYHUHG LQ WKH V EXW LW
FRXOGQRWEHWUXO\LQGXVWULDOL]HGGXHWRDVHULHVRIWHFKQLFDOERWWOHQHFNV&KLQJ:7DQJDQG
9DQ6/\NHSURYLGHGEUHDNWKURXJKSURJUHVVIRU2/('GHYHORSPHQWLQ%HUQDUGHWDO
 ,Q  &DPEULGJH 8QLYHUVLW\ GLVFRYHUHG RUJDQLF HOHFWUROXPLQHVFHQW GLVSOD\
WHFKQRORJ\ IURP SRO\PHUV ZKLFK JUHDWO\ SURPRWHG WKH UDSLG GHYHORSPHQW RI 2/('
WHFKQRORJ\ $IWHU PRUH WKDQ  \HDUV RI WHFKQRORJLFDO HYROXWLRQ 2/(' WHFKQRORJ\ KDV
DFKLHYHGPDQ\WHFKQRORJLFDOEUHDNWKURXJKVDQGJUDGXDOO\PDWXUHG7KLVWHFKQRORJ\KDVEHHQ
LQGXVWULDOL]HG LQ WKH ILHOG RI GLVSOD\ DQG OLJKWLQJ DQG KDV EHFRPH WKH PRVW SRWHQWLDO DQG
SURPLVLQJQHZGLVSOD\WHFKQRORJ\ LQ WKH IXWXUH LQVWHDGRI&576DQG/&'6%XUURXJKHVHW
DO
6FKRODUVKDYHPDGHDGHWDLOHGDQDO\VLVRI2/('WHFKQRORJ\SDWHQWVLQFOXGLQJWKHQXPEHURI
SDWHQWVSDWHQWHHV,3&DQGWKHGLVWULEXWLRQRISDWHQWVLQWKHFRXQWU\,QWHUPVRITXDQWLW\WKH
WRWDOQXPEHURI2/('SDWHQWDSSOLFDWLRQVKDVEHHQVOLJKWO\WLJKWHQHGIURPWREXW
WKHRYHUDOOWUHQGLVLQFUHDVLQJ5HVHDUFKVKRZVWKDWWKHQXPEHURISDWHQWVYDULHVVLJQLILFDQWO\
IURP FRXQWU\ WR FRXQWU\'XDQ.H\X  GLVFRYHUHG WKURXJK VHDUFKLQJ WKH 9(1 SDWHQW
GDWDEDVHWKDW$PHULFDQVFKRODUVVWXGLHG2/('DWWKHHDUOLHVWWLPHDQGWKHUHVHDUFKOHYHOZDV
DWWKHZRUOG
VOHDGLQJOHYHOEXWWKHSDWHQWQXPEHUDGYDQWDJHZDVVXUSDVVHGE\6RXWK.RUHD
PDLQO\ IRFXVLQJ RQ WKH ILHOGV RI HOHFWUROXPLQHVFHQW PDWHULDOV HOHFWUROXPLQHVFHQW SRZHU
VRXUFHV HOHFWUROXPLQHVFHQW SDQHOV DQG VR RQ $V IRU WKH SDWHQWHH WKH SDWHQWHH RI 2/('
PDLQO\ FRQFHQWUDWHG LQ (DVW $VLD (XURSH DQG $PHULFD WKH HDUO\ UHVHDUFK RI 2/('
WHFKQRORJ\ PDLQO\ FRQFHQWUDWHG LQ (XURSH DQG WKH LQGXVWULDOL]DWLRQ RI 2/(' WHFKQRORJ\
PDLQO\FRQFHQWUDWHGLQ(DVW$VLD=KDR;XHZXHWDODQDO\]HG2/('SDWHQWGDWDIURP
WKUHH SDWHQW GDWDEDVHV RI 6,32 86372 DQG (32 DQG IRXQG WKDW WKH PDLQ 2/(' SDWHQW
DSSOLFDQWVDUHIODWSDQHOGLVSOD\PDQXIDFWXUHUVRUIODWSDQHOWHFKQRORJ\OLFHQVLQJFRPSDQLHV
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DQGWKHUHDUHPRUHFRPSDQLHVZLWKKLJKSDWHQWKROGLQJVLQ&KLQD-DSDQDQG6RXWK.RUHD$V
IRU ,3&2/('SDWHQWVPDLQO\ LQYROYH ILHOGV VXFKDV+/ VHPLFRQGXFWRUGHYLFH+%
HOHFWULFKHDWLQJ**VWDWLFLQGLFDWLQJGHYLFHFRPSRVHGRIDFRPELQDWLRQRIVHYHUDO OLJKW
VRXUFHV*) GHYLFH RU GHYLFH IRU FRQWUROOLQJ WKH LQWHQVLW\ FRORU SKDVH SRODUL]DWLRQ RU
GLUHFWLRQRIOLJKWHWF7KHPDLQWHFKQLFDOILHOGVLQYROYHGE\GLIIHUHQWSDWHQWHHVDUHGLIIHUHQW
/XR-LD[LXHWDOFRPSDUHGZLWKWKHSDWHQWOD\RXWRIIRXUFRPSDQLHV6RQ\6DPVXQJ
5L7GLVSOD\ DQG 9LVLRQR[ LQ WKH 8QLWHG 6WDWHV IRXQG WKDW 6RQ\ PDLQO\ FRQFHQWUDWHG RQ
FRQWUROGHYLFHVDQGFLUFXLWV6DPVXQJDQG9LVLRQR[PDLQO\FRQFHQWUDWHGRQFRPSRQHQWVVXFK
DVHOHFWURGHVDQG5L7GLVSOD\PDLQO\FRQFHQWUDWHGRQVROLGVWDWHGHYLFHV
7KH EDVLF SDWHQWV RI 2/(' DUHPDLQO\ RZQHG E\ .RGDN &DPEULGJH 'LVSOD\ 7HFKQRORJ\
&'7LQ%ULWDLQDQG8QLYHUVDO'LVSOD\&RPSDQ\8'&LQWKH8QLWHG6WDWHV$PRQJWKHP
WKHEDVLFSDWHQWVRIVPDOOPROHFXOH2/('DUHPDLQO\RZQHGE\.RGDNDQGWKHEDVLFSDWHQWV
RI SRO\PHU2/(' DUH PDLQO\ RZQHG E\ &'7 DQG8QLD[ LQ WKH8QLWHG 6WDWHV /XR HW DO
7KHVHFRPSDQLHVQDWXUDOO\EHFRPHWKHPDLQPHPEHUVRI2/('FRRSHUDWLRQ.RGDNLV
DQ2/('UHVHDUFKFRPSDQ\ZLWKWKHODUJHVWQXPEHURIFRUHSDWHQWV,Q.RGDNDGMXVWHG
LWVGHYHORSPHQWGLUHFWLRQDQGVROG2/('WHFKQRORJ\WR/*EXWUHVHUYHGWKHULJKWWRXVHWKH
SDWHQW$W WKH VDPH WLPH/* VHW XS WKH FRPSDQ\*OREDO2/('7HFKQRORJ\ LQ WKH8QLWHG
6WDWHV WR H[SDQG LWV LQIOXHQFH LQ WKH $PHULFDV ,Q RUGHU WR UHDOL]H WKH LQGXVWULDOL]DWLRQ RI
SRO\PHU 2/(' WHFKQRORJ\ %ULWDLQ
V &DPEULGJH 'LVSOD\ 7HFKQRORJ\ &RPSDQ\ &'7
DFWLYHO\ SDUWLFLSDWHV LQ WHFKQRORJ\ GLIIXVLRQ ,Q  &'7 ZDV DFTXLUHG E\ 6XPLWRPR
&KHPLFDO DQG LWV UHVHDUFK VWUHQJWK ZDV IXUWKHU LQWHJUDWHG 7KLV NLQG RI FRRSHUDWLYH
UHODWLRQVKLSH[LVWVZLGHO\LQ2/('WHFKQRORJ\ILHOGDQGWKHVRFLDOQHWZRUNDQDO\VLVPHWKRG
FDQVKRZWKHFRPSOHWHFRRSHUDWLYHQHWZRUNUHODWLRQVKLS
$WSUHVHQWVFKRODUVPDLQO\VWXG\2/('SDWHQWVIURPWKHSHUVSHFWLYHRITXDQWLWDWLYHDQDO\VLV
ZKLOHIHZVFKRODUVXVHVRFLDOQHWZRUNDQDO\VLVWRVWXG\2/('SDWHQWV:LWKWKHKHOSRIWKLV
PHWKRG WKH FRRSHUDWLYH UHODWLRQVKLS EHWZHHQ SDWHQWHHV FDQ EH YLVXDOO\ DQDO\]HG DQG D
OHDGLQJ HQWHUSULVH RI WHFKQRORJ\ FDQ EH IRXQG ,Q DGGLWLRQ WR UHJXODU TXDQWLWDWLYH DQDO\VLV
VFKRODUVDOVRXVHGDWDYLVXDOL]DWLRQVRIWZDUHWRPDNHDQHWZRUNVRDVWRREVHUYHWKHQHWZRUN
VWUXFWXUH PRUH LQWXLWLYHO\ &RPPRQ VRFLDO QHWZRUN GDWD YLVXDOL]DWLRQ VRIWZDUH LQFOXGHV
1HWGUDZ3DMHN*HSKL&LWHVSDFHDQGVRRQ:DQJ/LMLHWDNHVWKH,QVWLWXWHRI3RO\PHU
2SWRHOHFWURQLF 0DWHULDOV DQG 'HYLFHV RI 6RXWK &KLQD 8QLYHUVLW\ RI 7HFKQRORJ\ DV WKH
UHVHDUFK REMHFW VHOHFWV LQYHQWRU LQIRUPDWLRQ LQ SDWHQW LQIRUPDWLRQDV WKH LQGH[ WR FRQVWUXFW
LQYHQWRU FRRFFXUUHQFHPDWUL[ DQG -DFDUG FRRFFXUUHQFHPDWUL[ DQG FRQVWUXFWV WKH QHWZRUN
GLDJUDPWKURXJK8FLQHWDQGV\VWHPDWLFDOO\DQDO\]HVWKHQHWZRUNVWUXFWXUHZLWKWKUHHLQGH[HV
RIGHJUHHFHQWUDOLW\EHWZHHQQHVVFHQWUDOLW\DQGFORVHQHVVFHQWUDOLW\
:LWK WKH VXSSRUW RI YDULRXV LQGLFDWRUV RI VRFLDO QHWZRUN DQDO\VLV DQG YDULRXV GDWD
YLVXDOL]DWLRQ WRROV WKLVPHWKRG KDV EHHQ DSSOLHG WRSDWHQW DQDO\VLV LQ YDULRXV ILHOGV:DQJ
+DLORQJ HW DO  VHDUFKHG SDWHQWV LQ WKH VHPLFRQGXFWRU ILHOG WKURXJK 86372 DQG
FRQVWUXFWHG D QHWZRUN EDVHG RQ WKH FLWDWLRQ UHODWLRQVKLS EHWZHHQ SDWHQWV $Q HYDOXDWLRQ
V\VWHPZDV VHWXSWKURXJKVL[ LQGLFDWRUVQDPHO\ WKHGHJUHHRIRXWSXW WKHGHJUHHRI LQSXW
WKHGHJUHHRIEHWZHHQQHVVWKHGHJUHHRIFORVHQHVVWKHHIIHFWLYHVFDOHDQGWKHOLPLWDWLRQ$Q
HPSLULFDO VWXG\ ZDV FRQGXFWHG RQ WKH LGHQWLILFDWLRQ RI SDWHQWEDVHG WHFKQRORJLHV LQ WKH
VHPLFRQGXFWRUILHOG*RQJ-LQWDRHWDOKDYHFRQGXFWHGHPSLULFDOUHVHDUFKLQWKLVILHOG
WKURXJK WKH SDWHQWV RIZLQG SRZHU JHQHUDWLRQ WHFKQRORJ\ LQ &KLQD
V SDWHQW GDWDEDVH7KH\
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KDYH FRQGXFWHG QHWZRUN FRKHVLRQ DQDO\VLV QHWZRUN FRQQHFWLYLW\ DQDO\VLV DQG QHWZRUN
FHQWUDOLW\DQDO\VLVWKURXJKGLIIHUHQWWKHRULHVLQVRFLDOQHWZRUNDQDO\VLV7KH\EHOLHYHWKDWWKH
WHFKQLFDO UHVHDUFK DQG GHYHORSPHQW GLUHFWRUV DQG FRUH UHVHDUFKHUV LQ WKLV ILHOG FDQ EH
LGHQWLILHGWKURXJKWKLVFRPSOH[QHWZRUNDQDO\VLV%UHVFKL6WHIDQRHWDOV\VWHPDWLFDOO\
DQDO\]HG WKHFRQWULEXWLRQRI WKH WUDQVIHURI LQYHQWRUV
 DQG LQYHQWRUV
QHWZRUNV WRNQRZOHGJH
GLVVHPLQDWLRQ ZLWKLQ HQWHUSULVHV DQG ZLWKLQ FLWLHV RU VWDWHV XVLQJ VRFLDO QHWZRUN DQDO\VLV
PHWKRGVEDVHGRQ WKH RULJLQDO GDWD VHW RISDWHQW DSSOLFDWLRQV ILOHGE\86 LQYHQWRUV LQ WKH
(XURSHDQSDWHQWRIILFH 
'DWD
7KH SDWHQW GDWD LQ WKLV SDSHU FRPHV IURP 'HUZHQW ,QQRYDWLRQV ,QGH[ 7KH IRUPXODWLRQ RI
NH\ZRUGVDQG WKHUHWULHYDOVWUDWHJ\DGRSWHG WKH VFKHPH UHSRUWHGE\$ODQ/3RUWHU LQ
WKDWLVWKHNH\ZRUGVDUHILUVWH[WUDFWHGIURPWKHOLWHUDWXUHWKHQWKHNH\ZRUGVDUHUHYLVHGDQG
WKHUHWULHYDOIRUPXODLVGHWHUPLQHGE\FRQVXOWLQJH[SHUWVLQWKHILHOGDQGWKHUHWULHYDOIRUPXOD
LVFRQWLQXRXVO\RSWLPL]HGDQGDGMXVWHGWKURXJKWKHUHWULHYDOUHVXOWV&DUOH\HWDO7KH
UHWULHYDOSHULRGLVIURPWR$VRIWKHILQDOUHWULHYDOGDWHRIWKLVDUWLFOHSDWHQW
GDWDKDYHEHHQUHWULHYHGDQGSDWHQWGDWDKDYHEHHQREWDLQHGDIWHUFOHDQLQJ7KHQZH
XVHWKHSDWHQWHHLQGH[LQWKHGDWDEDVHWRDQDO\]HWKHVRFLDOQHWZRUN
5HVXOWVDQG$QDO\VLV
2YHUDOO1HWZRUNRI3DWHQWHHV
$FFRUGLQJ WR WKH VWDWLVWLFVRQ WKHQXPEHURISDWHQWV KHOGE\ WKHSDWHQWHH WKH WRSSDWHQW
KROGHUV DUH LQWHUFHSWHG DV VKRZQ LQ 7DEOH  2/(' WHFKQRORJ\ SDWHQWV DUH PDLQO\
FRQFHQWUDWHGLQ6RXWK.RUHD-DSDQPDLQODQGRI&KLQDDQG7DLZDQRI&KLQD)RXURIWKHWRS
SDWHQWKROGHUVDUHIURP6DPVXQJ*URXSZKLFKVKRZV6DPVXQJ
VVWURQJGRPLQDQFHLQWKLV
ILHOG DQG 6RXWK .RUHD
V /* &RPSDQ\ DOVR KDV D ODUJH QXPEHU RI SDWHQWV LQ2/(' ILHOG
.RGDNRZQV2/('SDWHQWV LQ WKH8QLWHG6WDWHV.RGDNLVDQHDUO\GHYHORSHURI2/('
GLVSOD\WHFKQRORJ\DQGKROGVPRVWRIWKHEDVLFWHFKQRORJ\SDWHQWV&KLQD
V%2(LVDFWLYHLQ
2/(' WHFKQRORJ\ UHVHDUFKDQGGHYHORSPHQWZLWK WKH WKLUGODUJHVWQXPEHURISDWHQWV DIWHU
6DPVXQJ'LVSOD\&R/WGDQG/*'LVSOD\&R/WG%XWDWWKHVDPHWLPHQHDUO\KDOIRIWKH
WHFKQRORJ\SDWHQWVLQWKH2/('ILHOGLQPDLQODQG&KLQDDUHXWLOLW\PRGHOV%HFDXVH2/('LV
D QHZ LQGXVWU\ &KLQHVH HQWHUSULVHV FDQ LQFUHDVH 5 	 ' LQYHVWPHQW DQG VWUHQJWKHQ
LQWHUQDWLRQDOFRRSHUDWLRQWRDFKLHYHRYHUWDNLQJLQFRUQHUV
7DEOH3DWHQWHHDQGLWVSRVVHVVLRQSDWHQWVWDWLVWLFV
5DQNLQJ 3DWHQWHH 4XDQWLW\
 6DPVXQJ'LVSOD\&R/WG 
 /*'LVSOD\&R/WG 
 %2(7HFKQRORJ\*URXS&R/WG 
 6DPVXQJ(OHFWURQLFV&R/WG 
 6DPVXQJ0RELOH'LVSOD\&R/WG 
 6DPVXQJ6',&R/WG 
 /*3KLOLSV/&'&R/WG 
 (DVWPDQ.RGDN&R 
 $X2SWURQLFV&RUS 
 6KHQ]KHQ&KLQD6WDU2SWRHOHFWURQLFV7HFK 
$VLQJOHTXDQWLW\UDQNLQJFDQQRWVKRZWKHUHODWLRQVKLSEHWZHHQSDWHQWKROGHUV7RWKLVHQG
WKHSDWHQWHHGDWDLVRUJDQL]HGLQWRDFRRFFXUUHQFHPDWUL[WKURXJKWKH%LEH[FHODQGWKHQWKH
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FRRFFXUUHQFHPDWUL[LVLPSRUWHGLQWR8FLQHWIRUPDSSLQJ7KHUHVXOWLVVKRZQLQ)LJXUH
,Q WKH QHWZRUN RI 2/(' WHFKQRORJ\ SDWHQWHHV ODUJH QHWZRUNV FRH[LVW ZLWK VPDOO JURXSV
ZKLFKKDYHDQHWZRUNVWUXFWXUHRI OHVV WKDQWHQSHRSOH/DUJHQHWZRUNVKDYHDKLJKGHQVLW\
DQG GLIIHUHQW QRGHV DUH FORVHO\ FRQQHFWHG 7KHUH DUH PDQ\ LPSRUWDQW QRGHV WKDW SOD\ D
EULGJLQJ UROH 7KHVH QRGHV UHSUHVHQW HQWHUSULVHV RU LQGLYLGXDOV KROGLQJ LPSRUWDQW 2/('
SDWHQWV 7KLV UHYHDOV WKH FXUUHQW UHVHDUFK DQG GHYHORSPHQW VWDWXV RI 2/(' WHFKQRORJ\
6DPVXQJ/*3KLOLSVDQGRWKHUFRPSDQLHVLQ(XURSHKDYHPDVWHUHGPDQ\EDVLFSDWHQWVDQG
EHFRPHPDMRUQHWZRUNVFHQWHULQJRQWKHP$WWKHVDPHWLPHWKHUHDUHPDQ\VPDOOUHVHDUFK
DQG GHYHORSPHQW WHDPV LQ FROOHJHV DQG XQLYHUVLWLHV ZKLFK GR QRW FRRSHUDWH ZLWK ODUJH
HQWHUSULVHVEXWDOVRKDYHVWURQJUHVHDUFKDQGGHYHORSPHQWFDSDELOLWLHV


)LJXUH&RRFFXUUHQFHQHWZRUNRI3DWHQWHH
5LJKWKROGHU
VFRPPXQLFDWLRQDELOLW\ 
&HQWUDOLW\LVDQLPSRUWDQWLQGH[LQWKHDQDO\VLVRIVRFLDOQHWZRUNV7KURXJKWKHHYDOXDWLRQRI 
WKHSRVLWLRQRIWKHFHQWUDOSHUIRUPDQFHQRGHLQWKHQHWZRUNZKLFKSDWHQWHHVSOD\DNH\UROH 
LQ WKH SDWHQW FRRSHUDWLRQQHWZRUN FDQ EH HYDOXDWHG &HQWUDOLW\ DQDO\VLV LQFOXGHV PDLQ WKUHH 
SDUWV GHJUHH FHQWUDOLW\ EHWZHHQQHVV FHQWUDOLW\ DQG FORVHQHVV FHQWUDOLW\ 7KURXJK WKH 
FRPSDULVRQ RI WKUHH W\SHV RI FHQWUDOLW\ WKH FRPPXQLFDWLRQ DELOLW\ FRQWURO DELOLW\ DQG 
LQGHSHQGHQWDELOLW\RIHQWHUSULVHVLQ2/('WHFKQRORJ\ILHOGFDQEHFOHDUO\FRPSDUHG 
'HJUHHFHQWUDOLW\ LVWKHPRVWGLUHFWPHDVXUHWRGHVFULEHWKHQRGHFHQWHULQQHWZRUNDQDO\VLV 
7KHJUHDWHU WKHGHJUHHFHQWUDOLW\RIDQRGH WKHKLJKHU WKHGHJUHHFHQWUDOLW\RI WKHQRGHDQG  
WKHPRUHLPSRUWDQWWKHQRGHLVLQWKHQHWZRUN7KHJUHDWHUWKHGHJUHHFHQWUDOLW\RIDSDWHQWHH 
WKHPRUHFHQWUDOLWLVLQWKHQHWZRUN7KHGHJUHHFHQWUDOLW\RISDWHQWHHVLVFDOFXODWHGE\XVLQJ 
8FLQHW DQG WKH OLVW RI WKH WRS  SDWHQWHHV LV VKRZQ LQ 7DEOH  7KH WRS VL[ SDWHQWHHV DUH  
VXEVLGLDULHV RI6DPVXQJ*URXS 6DPVXQJ 0RELOH 'LVSOD\&R /WG6DPVXQJ'LVSOD\ &R 
/WG6DPVXQJ6',&R/WG6DPVXQJ'HQ.DQ&R/WG6DPVXQJ(OHFWURQLFV&R/WGDQG 
6DPVXQJ 0RELOH 'LVSOD\ &R /WG 6HFRQGO\ /HH
V LQGHSHQGHQW SDWHQWHH LV DOVR IURP 
6DPVXQJ *URXS ZKLFK VKRZV 6DPVXQJ *URXS
V VWURQJ PRQRSRO\ SRZHU LQ 2/(' 
WHFKQRORJ\ILHOGDQGDWWKHVDPHWLPHWKHJURXS
VLQWHUQDOWLHVDUHYHU\FORVHWKHVXEVLGLDULHV 
FRRSHUDWHZLWKHDFKRWKHUDQGWKHUHVHDUFKDQGGHYHORSPHQWLQWHQVLW\LVJUHDWO\HQKDQFHG
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5DQNLQJ 3DWHQWHH 'HJUHH
 6DPVXQJ0RELOH'LVSOD\&R/WG 
 6DPVXQJ'LVSOD\&R/WG 
 6DPVXQJ6',&R/WG 
 6DPVXQJ'HQ.DQ.N 
 6DPVXQJ(OHFWURQLFV&R/WG 
8VHWKH1HWGUDZWRGUDZRXW WKHQRGHVZLWKJUHDWHUFHQWUDOLW\DVVKRZQ LQ ILJ,WFDQEH
VHHQ WKDW WKH\ DUH DOO WHDPVZLWK YHU\ VWURQJ VFLHQWLILF UHVHDUFK VWUHQJWK$SDUW IURP6RXWK
.RUHD
V6DPVXQJVFLHQWLILFUHVHDUFKWHDPWKHSDWHQWHHVVXFKDV3ULQFHWRQ8QLYHUVLW\DQGWKH
8QLYHUVLW\RI6RXWKHUQ&DOLIRUQLDLQWKH8QLWHG6WDWHVDOVRKDYHYHU\FORVHWLHV7KHUHDUHDOVR
WHDPV IURP 6LHPHQV 2VUDP 0HUFN DQG 3KLOLSV RI WKH 1HWKHUODQGV ZKLFK DOVR SOD\ DQ
LPSRUWDQW UROH LQ 2/(' SDWHQWHH QHWZRUNV 7KHVH HQWHUSULVHV JUDGXDOO\ IRUPHG SDWHQW
DOOLDQFHVWKURXJKSDWHQWFRRSHUDWLRQZKLFKSURPRWHGWKHGHYHORSPHQWRIWKHLURZQWHFKQLFDO
OHYHO

)LJXUH1HWZRUNRISDWHQWHH¶VGHJUHH 
5LJKWVKROGHU
VFRQWURODELOLW\ 
,IDQRGHLVEHWZHHQRWKHUQRGHSDLUVLQWKHQHWZRUNDQGLVRQWKHRQO\ZD\WRFRPPXQLFDWH 
ZLWK HDFK RWKHU EHWZHHQ QRGH SDLUV WKH QRGH PXVW KDYH D YHU\ LPSRUWDQW SRVLWLRQ LQ WKH 
QHWZRUN 7KHUHIRUH PHGLDWLRQ FHQWUDOLW\ LV LQWHUSUHWHG EDVHG RQ WKH QRGH
V FRQWURO RYHU 
FRPPXQLFDWLRQ7KURXJKPHGLDWLRQFHQWUDOLW\DQDO\VLVZHFDQILQGWKHQHWZRUN
VFRPPXQLW\ 
EULGJHRUFRPPXQLFDWLRQERWWOHQHFNRUFURVVERUGHU6RUWLQJRXW WKHLQIRUPDWLRQDERXW WKH  
SDWHQWHH
V EHWZHHQQHVV FHQWUDOLW\ LV VKRZQ LQ 7DEOH  7KH KLJKHU WKH FHQWUDOLW\ RI 
LQWHUPHGLDULHV WKH JUHDWHU WKH SDWHQWHH
V FRQWURO RYHU WKH QHWZRUN 7KH PRVW FHQWUDO 
LQWHUPHGLDU\ LV .RQLQN 3KLOLSV ZKLFK PDLQO\ SURGXFHV ODUJHVL]HG 2/(' VFUHHQV ZKLOH
6DPVXQJ(OHFWURQLFVZKLFKLV LQVHFRQGSODFHPDLQO\VHOOVVPDOOVL]HG2/('VFUHHQV7KH 
WZRFRPSDQLHVKROGLPSRUWDQW WHFKQRORJLHV LQ2/('WHFKQRORJ\,QUHFHQW\HDUV3KLOLSVRI 
WKH 1HWKHUODQGV LQ RUGHU WR FRQVROLGDWH LWV SRVLWLRQ LQ 2/(' ODUJH VFUHHQ GLVSOD\V KDV 
HQWHUHGLQWRYDULRXVFRRSHUDWLRQZLWK/*RI6RXWK.RUHDZKLFKLVDOVRLQWKHOHDGLQJSRVLWLRQ 
LQ WHFKQRORJ\ DQG KDV MRLQWO\ HVWDEOLVKHG /* 3KLOLSV 'LVSOD\ &R /WG ZKLFK ZLOO FDXVH 
PRUHUHVWULFWLRQVRQWKHGHYHORSPHQWRI2/('ODUJHVFUHHQGLVSOD\VLQ&KLQD 
Table 1. Degree of patentee ranking
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 .RQLQN3KLOLSV(OHFWURQLFV1Y 
 6DPVXQJ(OHFWURQLFV&R/WG 
 (DVWPDQ.RGDN&R 
 1;3%Y 
 6HPLFRQGXFWRU(QHUJ\/DE 

)LJXUH7KHQHWZRUNRISDWHQWHH¶VEHWZHHQQHVV
,QGHSHQGHQW&DSDFLW\
&ORVHQHVVFHQWUDOLW\&ORVHQHVVFHQWUDOLW\GHVFULEHVWKHDELOLW\RIDFWRUVLQDQHWZRUNQRWWREH
FRQWUROOHGE\RWKHUV,WUHIHUVWRWKHH[WHQWWRZKLFKPRVWGLUHFWSDWKVFRQQHFWLQJRQHQRGH
WR DOO RWKHU QRGHV LQ WKH QHWZRUN DUH VKRUW UDWKHU WKDQ ORQJ 7KH FORVHU WKH FHQWHU LV WKH
VPDOOHUWKHQRGHLVLQWKHFRUHSRVLWLRQLQWKHQHWZRUN7KHVPDOOHUWKHEHWZHHQQHVVFHQWUDOLW\
RI D SDWHQWHH WKH PRUH LQIRUPDWLRQ LW FDQ REWDLQ 6RUW RXW LQIRUPDWLRQ DERXW SDWHQWHH
V
SUR[LPLW\ WR FHQWUDOLW\ DV VKRZQ LQ7DEOH 7KH WRS ILYH SODFHV FORVHQHVV FHQWUDOLW\ LQ WKH
WDEOHEHORQJ WR6DPVXQJ*URXS LQGLFDWLQJ WKHFORVHGHJUHHRIFRRSHUDWLRQZLWKLQ6DPVXQJ
*URXS7KHWDEOHVKRZVWKDWRIWKHWRSSDWHQWVFORVHWRFHQWUDOLW\DUHLQGLYLGXDOV,WFDQ
EH VHHQ WKDW WKH VWUHQJWK RI WKH LQGLYLGXDO WHDP FDQQRW EH LJQRUHG LQ 2/(' UHVHDUFK DQG
GHYHORSPHQW&KLQHVH HQWHUSULVHV FDQ LQWURGXFH WKHVH WDOHQWVRU FRRSHUDWHZLWK LQGHSHQGHQW
WHDPV ZKHQ GHYHORSLQJ 2/(' (QWHUSULVHV DQG LQGLYLGXDOV IURP RWKHU FRXQWULHV KDYH
ORQJWHUP2/('SDWHQWOD\RXWLQ&KLQDEHFRPLQJWKHSDWHQWHHRILPSRUWDQWWHFKQRORJLHV LQ
5DQNLQJ 3DWHQWHH %HWZHHQQHVV
Table4. Betweenness of patentee ranking
As shown in Figure 3, the patentee's network is drawn with the betweenness as an index. 
The node size represents the patentee's betweenness centrality. Samsung Electronics, 
Kodak and Philips play a very important control role in the network. Merck, Siemens, and 
other 12 companies have formed a cooperation circle structure, effectively promoting 
OLED technology research and development, but this has also formed a barrier to other 
enterprises. Within the circle structure, there are many patent holders in Samsung, 
including various subsidiaries and related independent patent holders. Samsung Group 
controls many related technical resources. Chinese OLED enterprises should deepen their 
cooperation with related companies in the network, strengthen the distribution of foreign 
patents, strive to obtain authorization for core patents or sign licensing agreements, and 
break through the intellectual property barriers and restrictions in international trade. 
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&KLQDDQGVRPHWHFKQRORJLHVDUHFRQFHQWUDWHGLQEODQNDUHDVRI2/('WHFKQRORJ\LQ&KLQD
ZKLFKVHYHUHO\UHVWULFWVWKHUHVHDUFKDQGGHYHORSPHQWRI2/('WHFKQRORJ\LQ&KLQD
7DEOH&ORVHQHVVRISDWHQWHHUDQNLQJ
5DQNLQJ 3DWHQWHH &ORVHQHVV
 6DPVXQJ(OHFWURQLFV&R/WG 
 /HH6 
 /HH& 
 6DPVXQJ'LVSOD\&R/WG 
 6DPVXQJ0RELOH'LVSOD\&R/WG 
&RPPXQLW\$QDO\VLV
*1 DOJRULWKP LV D VSOLWWLQJ DOJRULWKP IRU VXEJURXS GLVFRYHU\ SURSRVHG E\ *LUYDQ DQG
1HZPDQ $FFRUGLQJ WR WKH GHVFULSWLRQ RI WKH FRPPXQLW\ WKH LQWHUQDO QRGHV RI WKH
FRPPXQLW\DUHGHQVHO\FRQQHFWHGDQGWKHFRQQHFWLRQVEHWZHHQWKHFRPPXQLWLHVDUHUHODWLYHO\
VSDUVH$IHZFRQQHFWLRQVEHWZHHQVXEJURXSVZLOOEHFRPHWKHRQO\ZD\ IRUFRPPXQLFDWLRQ
WUDIILF EHWZHHQ VXEJURXSV &RQVLGHULQJ VRPH IRUP RI FRPPXQLFDWLRQ LQ WKH QHWZRUN DQG
ILQGLQJ WKH HGJH ZLWK WKH KLJKHVW WUDIILF UHPRYLQJ WKH HGJH ZLOO JHW WKH PRVW QDWXUDO
VHJPHQWDWLRQ RI WKH QHWZRUN7KHUHIRUH*LUYDQ DQG1HZPDQ LQWURGXFHG HGJH EHWZHHQQHVV
FHQWUDOLW\ WRPHDVXUHQHWZRUNWUDIILF DQGSURSRVHGDVXEJURXSGLVFRYHU\DOJRULWKPEDVHGRQ
HGJHEHWZHHQQHVVFDOOHG*1DOJRULWKPIRUVKRUW'HQJHWDO
7KURXJK WKLV FOXVWHULQJ DQDO\VLV WKHPDLQ SDWHQW KROGHU QHWZRUN LQ2/(' ILHOG LV GLYLGHG
LQWR IRXU FRPPXQLWLHV DV VKRZQ LQ ILJ  LQ ZKLFK QRGHV RI GLIIHUHQW FRORUV DQG VKDSHV
UHSUHVHQW GLIIHUHQW FRPPXQLWLHV 7KH EOXH FRPPXQLW\ LV WKH ODUJHVW FRPPXQLW\ LQ 2/('
ZLWK6DPVXQJ*URXSDV WKHPDLQ JURXS LQFOXGLQJ6DPVXQJ(OHFWURQLFV6DPVXQJ'LVSOD\
6DPVXQJ 0RELOH 'LVSOD\ DQG VR RQ DV ZHOO DV /* 6XPLWRPR DQG $8 2SWURQLFV 7KH
FRRSHUDWLRQEHWZHHQ$82SWURQLFVDQG6DPVXQJEHJDQLQZKHQWKHWZRVLGHVVLJQHGD
SDWHQW FURVV OLFHQVH 7KH JUHHQ FRPPXQLW\ LV PDLQO\ (XURSHDQ HQWHUSULVHV DQG WKH
UHSUHVHQWDWLYHHQWHUSULVHVDUH.RQLQN3KLOLSV(OHFWURQLFV1;36LHPHQV2VUDP DQGVRRQ
2Q-DQXDU\265$0DQG3KLOLSVUHDFKHGDFURVVOLFHQVLQJDJUHHPHQWIRU/('DQG
2/('ZKLFKFRYHUVSDWHQWVKHOGE\3KLOLSVDQG LWV86 VXEVLGLDU\/XPLOHGVDQG265$0
DQG LWV VXEVLGLDU\265$02SWR 6HPLFRQGXFWRU 6 /XR HW DO  5HG FRPPXQLW\ DUH
PDLQO\ $PHULFDQ SDWHQW KROGHUV LQYROYLQJ VFKRODUV HQWHUSULVHV DQG XQLYHUVLWLHV DPRQJ
ZKLFK 3ULQFHWRQ 8QLYHUVLW\ WKH 8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD WKH 8QLYHUVLW\ RI
0LFKLJDQ 0RWRUROD DQG 8'& DUH DOOLHV 8'& FRRSHUDWHG ZLWK 3ULQFHWRQ 8QLYHUVLW\ WKH
8QLYHUVLW\ RI 6RXWKHUQ&DOLIRUQLD DQG WKH8QLYHUVLW\ RI0LFKLJDQ LQ UHVHDUFK DQG REWDLQHG
0RWRUROD
V VROH OLFHQVH WR WUDQVIHU $PRQJ WKHP .RGDN LV WKH NH\ QRGH EHFDXVH LW KROGV
PDQ\ FRUH SDWHQWV VR LW LV YHU\ VWULFW LQ SDWHQW OLFHQVLQJ $W WKH VDPH WLPH WKH JUDQWHG
HQWHUSULVHPXVWOLFHQVHDOOLWVRZQSDWHQWVWR.RGDNIUHHRIFKDUJH7KH\HOORZFRPPXQLW\LV
&KLQHVH 7DLZDQ HQWHUSULVHV DQG UHVHDUFKHUV 7KH FRUH QRGH LV 3URIHVVRU &KHQ &KLQ +VLQ
'HSXW\6HFUHWDU\*HQHUDORI7DLZDQ,QGXVWULDO5HVHDUFK,QVWLWXWHDQG&KLQD2/(',QGXVWU\
$OOLDQFH
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
)LJXUH3DWHQWHHFOXVWHULQJQHWZRUN
&RQFOXVLRQDQGGLVFXVVLRQ
,WFDQEHVHHQIURPWKHDERYHWKDWWKHUHLVH[WHQVLYHSDWHQWFRRSHUDWLRQLQ2/('WHFKQRORJ\
LQFOXGLQJ SDWHQW DOOLDQFH SDWHQW FURVV OLFHQVLQJ DQG RWKHU IRUPV 6RXWK .RUHD KROGV WKH
ODUJHVW QXPEHU RI SDWHQWV LQ 2/(' ILHOG DQG HDFK VXEVLGLDU\ RI 6DPVXQJ *URXS DQG LWV
LQGHSHQGHQW SDWHQWHHV ZLWKLQ WKH JURXS KDYH FORVH FRRSHUDWLRQ $OWKRXJK WKH DPRXQW RI
SDWHQWGLVFORVXUH LQ(XURSHDQG$PHULFD LV QRW DV ODUJH DV WKDW LQ$VLDQ FRXQWULHV WKURXJK
QHWZRUN DQDO\VLV LW LV IRXQG WKDW PDQ\ HQWHUSULVHV LQ *HUPDQ\ WKH 1HWKHUODQGV DQG WKH
8QLWHG6WDWHVDUHVWLOOLQDYHU\LPSRUWDQWSRVLWLRQLQ2/('ILHOGVXFKDV.RGDN3KLOLSVDQG
RWKHUHQWHUSULVHVZKLFKLVDOVRSURYLQJWKHLPSRUWDQFHRIEDVLFWHFKQRORJ\SDWHQWVFRQWUROOHG
E\(XURSHDQDQG$PHULFDQSDWHQWKROGHUV
$OWKRXJKPDLQODQG&KLQD UDQNV YHU\ KLJK LQ2/('SDWHQWV WKHUHDUHQRPDLQODQG&KLQHVH
HQWHUSULVHV LQ WKH WKUHH FHQWUDO UDQNLQJV LQ QHWZRUN DQDO\VLV )LUVW RI DOO PDLQODQG 2/('
FRPSDQLHV VWDUWHG ODWH VWDUWLQJ IURP WKH HQG RI WKH YDOXH FKDLQ PRVWO\ LQ D
JHQHUDWLRQE\JHQHUDWLRQ SURFHVVLQJ UHODWLRQVKLSZLWK WKH ZRUOG
V PDMRU 2/(' FRPSDQLHV
DQGKDYHQRW\HWLQWHJUDWHGLQWRWKHZRUOG
VPDMRUSDWHQWFRRSHUDWLRQQHWZRUNV6HFRQGO\WKH
PDMRU 2/(' HQWHUSULVHV KDYH IRUPHG SDWHQW DOOLDQFHV ZKLFK DUH RI JUHDW KHOS WR WKH
WHFKQRORJLFDO XSJUDGLQJ RI WKHLU LQWHUQDOPHPEHUV EXW DW WKH VDPH WLPH WKH\ KDYH FDXVHG
JUHDWREVWDFOHVWRWKHGHYHORSPHQWRIHQWHUSULVHVRXWVLGHWKHDOOLDQFH
,Q RUGHU WR UHDOL]H WKH VXEVWDQWLDO EUHDNWKURXJK RI 2/(' WHFKQRORJ\ &KLQHVH HQWHUSULVHV
VKRXOGLQFUHDVHWKHLUVFLHQWLILFUHVHDUFKLQWHQVLW\PRYHXSVWUHDPLQWRWKHJOREDOYDOXHFKDLQ
LQYHVW LQ QHZ LQGXVWULHV DQG TXLFNO\ IRUP WKH UHVXOWV RI VFLHQWLILF DQG WHFKQRORJLFDO
WUDQVIRUPDWLRQ DQG IRUP D SDWHQW OD\RXW DV VRRQ DV 3RVVLEOH 2/(' HQWHUSULVHV FDQ
VWUHQJWKHQWKHFRRSHUDWLRQZLWKGRPHVWLFDQGIRUHLJQGLVSOD\WHUPLQDOSURGXFWVHQWHUSULVHVDV
VRRQDVSRVVLEOH WREXLOGDSHUIHFWDOOLDQFHWRH[SDQGWKHXSVWUHDPDQGGRZQVWUHDP/D\RXW
6SHHGLQJXSWKHHVWDEOLVKPHQWRILQGXVWU\VWDQGDUGV\VWHPGRPLQDWHGE\&KLQHVHHQWHUSULVHV
VXFK DV &KLQHVH HQWHUSULVHV FDQ VHL]H WKLV RSSRUWXQLW\ FDQ VLJQLILFDQWO\ HQKDQFH WKH
FRPSHWLWLYHQHVVRI&KLQHVHHQWHUSULVHVZKLOHHIIHFWLYHO\ZHDNHQLQJWKHIRUHLJQFRPSDQLHVWR
&KLQD
V2/('LQGXVWU\PRQRSRO\ ,QWKH2/('SDWHQWFRRSHUDWLRQQHWZRUN WKHQXPEHURI
HQWHUSULVHV LQPDLQODQG&KLQDLVUHODWLYHO\ ORZWKHUHOHYDQWHQWHUSULVHVFDQWDNHDSSURSULDWH
FRRSHUDWLYHDXWKRUL]DWLRQPRGHLQRUGHUWRVHHNWKHLURZQGHYHORSPHQWILOOWKHJDSVLQWKHLU
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WHFKQLFDOILHOGVDQGSURPRWHLQGXVWULDOWUDQVIRUPDWLRQDQGXSJUDGLQJ7KHHVWDEOLVKPHQWRID
SDWHQWFRRSHUDWLRQQHWZRUNVXLWDEOHIRUWKHJURZWKRIHQWHUSULVHVFDQKHOSHQWHUSULVHVUHDOL]H
WKHFRPSOHPHQWDULW\RIUHVRXUFHVDQGUHGXFHWKHULVNFKDOOHQJHVLQWKHSURFHVVRI,QQRYDWLRQ
$W WKH VDPH WLPH WKH JRYHUQPHQW FDQ SURYLGH SROLF\ FRQFHVVLRQV WR SURPRWH LQWHUQDWLRQDO
SDWHQWFRRSHUDWLRQDVDPRGHORINQRZOHGJHIORZLQWKHSURFHVVHQWHUSULVHVVKRXOGHQKDQFH
WKHDEVRUSWLRQRINQRZOHGJHVRDVWRHQKDQFHWKHLULQQRYDWLYHDELOLW\
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